These studies were undertaken to determine whether estrogen receptors and the microsomal enzyme system called the aromatase complex, which is responsible for conversion of androgen to estrogen, are present in the brain of the rhesus monkey during perinatal life. Four monkeys (three females-one fetus removed on day 153 of gestation and two infants, 5 and 6 days postnatal-and 1 male, 2 days postnatal) were studied. Cytosol estrogen receptors were detected in all brain regions examined. The apparent equilibrium dissociations constants for reaction of these sites with [3H]moxestrol were similar to those for uterine and pituitary cytosol estrogen receptors (0.3-1.1 nM). Within the brain, highest levels of binding were observed in the hypothalamus-preoptic area, with fairly even, lower concentrations throughout the cortical structures. Aromatase complex activity was detected in the majority of the tissue specimens. The highest levels of estrogen formation were observed in the hypothalamus. However, the amygdala, the hippocampus, and several of the cortex samples also contained measurable aromatase complex activity. Among the cortical samples, the highest levels of aromatase complex activity were found in regions of the association cortex (the dorsolateral-prefrontal, orbital-prefrontal, anterior cingulate, and parietal cortices). The lowest levels of aromatase activity were found in the somatosensory and motor cortices of the postnatal animals. These results suggest that locally-formed estrogen may be involved in the effects of circulating androgens on the developing primate neocortex.
In many mammals, sexual differentiation of the brain results primarily from sex differences in gonadal steroid hormone secretion during early life (1) . Virtually all of the information about effects of gonadal steroids on the developing nervous system pertains to differentiation of diencephalic structures that underlie gender differences in gonadotrophin release and reproductive behavior. Evidence for direct effects of the gonadal hormones on the maturation of other brain structures is much more limited (2) and has never been reported for primates. There is, however, abundant behavioral evidence for sex differences in cerebral function in both humans and nonhuman primates. In the rhesus monkey (Macaca mulatta), sex differences have been reported in play behavior and in the effects of neocortical lesions during the first 3 months of postnatal life (3) (4) (5) (6) . In humans, sex differences have been reported in cognitive abilities, cerebral lateralization, play behavior, and incidence of a variety of childhood learning disorders (7) (8) (9) (10) (11) . Circulating androgen levels during early life have been implicated as a possible causative factor for at least some of these sexual dimorphisms (11, 12) .
In many subprimate mammalian species, local estrogen biosynthesis is believed to be critically important for androgen-induced sexual differentiation of the brain (1, 13) . The present studies demonstrate that estrogen receptors and the microsomal enzyme system called the aromatase complex, which is responsible for conversion of androgen to estrogen, are present in the brain of the rhesus monkey during perinatal development. The regional distribution of aromatase complex activity in the cerebral cortex is consistent with a putative action of locally formed estrogen in the development of areas of the association cortex concerned with cognitive processes.
MATERIALS AND METHODS
Four monkeys (three females-one fetus removed on day 153 of gestation and two infants, 5 and 6 days postnatal-and 1 male, 2 days postnatal) were used in these studies. The fetus was removed by caesarian section: the pregnant monkey was sedated with ketamine (3 mg/kg of body weight) and anesthetized by intratrachial administration of a halothane/oxygen mixture. The brain was removed from the cranium immediately after delivery of the fetus from the uterus. The postnatal animals were anesthetized with sodium pentobarbital (35 mg/kg ip.). Cerebral circulation and respiration were maintained while a craniectomy was performed. The brain was removed within 12 min after sedation.
In all cases the brain was placed in a bath of ice-cold saline for an additional 2-5 min after removal and then dissected on a bed of crushed ice. Hypothalamus-preoptic area, amygdala, hippocampus, dorsolateral-prefrontal cortex, orbitalprefrontal cortex, parietal cortex, motor cortex, somatosensory cortex, and visual cortex were dissected as described (14) . The anterior cingulate cortex was taken as the anterior half of the cingulate gyrus between the level of the genu and the splenium.
Cytosol estrogen receptors were assayed by using the synthetic estrogen [3H]moxestrol (11P-methoxy-17a-ethynyl-estradiol) to label the receptor sites and Sephadex LH-20 gel filtration to separate bound and free steroid as described (15) . Tissues were weighed and homogenized in 10 mM Tris buffer containing 1.5 mM Na2EDTA, 1 mM dithiothreitol, and 10% glycerol adjusted to pH 7.4 with hydrochloric acid (TEGD buffer). The homogenates were centrifuged at 1°C for 1 hr at 105,000 x g. The supernatant cytosol fractions were incubated with 0. fTo whom reprint requests should be addressed.
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The specificity of the binding reactions was studied by incubating the cytosol fractions with a single concentration of [3H]moxestrol (2nM) in the presence of unlabeled estradiol, progesterone, cortisol, testosterone, or the synthetic estrogen diethylstilbestrol-all added to a final concentration of 100 nM.
Aromatase complex activity was measured by a procedure based on the product isolation methods as described by Callard et al. (17) and 50 pmol of [1,2,6,7-H(N)]andros-4-ene-3,17-dione (New England Nuclear; specific activity, 87 Ci/mmol). Ten micrograms each of unlabeled estradiol (E2) and estrone (E1) were added to the incubates as an estrogen "trap" (13) . At the end of the incubation, the reaction was stopped by adding 5 ml of toluene containing 0.25% Triton X-100. Unlabeled "carrier" steroids (200 ,ug each of E1 and E2) and 14C-labeled E1 and E2
(2000 dpm each) were added. The incubates were extracted with 3 x 5 ml oftoluene. The combined toluene extracts were evaporated to dryness and subjected to phenolic partition to separate the androgen and estrogen metabolites present. The estrogens were purified by TLC on silica gel GF254 plates (Brinkmann) in the system described by Ruh (19 Although local estrogen biosynthesis is believed to be an essential step in the mechanism of androgen-induced sexual differentiation of the brain in rodents such as rats and mice (1) , the role of estrogen in the developing primate brain remains somewhat uncertain. In rhesus monkeys, although differentiation of masculine patterns of juvenile play and sexual behavior is clearly dependent on early sex differences in circulating testosterone levels (3), conversion of testosterone to estrogen is probably not required for this process to occur. Thus, prenatal administration of 5a-dihydrotestosterone, which is not a substrate for the aromatase complex, also appears to masculinize juvenile behavior (4) . However, these findings do not preclude the possiblity that normal differentiation may occur as a result of the concerted effects of androgen and estrogen rather than either alone; nor do they rule out the possibility that estrogen may influence functions other than these particular behavior patterns. Fox has suggested that the ratio of androgens to estrogens may be important in determining the effects of these steroids on the developing central nervous system (25) .
Local estrogen formation could serve to augment the effects of circulating estrogens in specific target areas: although circulating estrogen levels are relatively high in primates during pregnancy, the fetus rapidly metabolizes estrogens to polar conjugates (26) . This may effectively limit exposure of the fetal tissues to the circulating hormone in the same way as binding to plasma proteins is believed to protect the tissues of developing rodents from maternal estrogens (1, 27) .
The effects of locally synthesized estrogen may be particularly important in primates in terms of the development of sex differences in cortical function. Several lines of evidence suggest that estrogen may have maturational effect on the cortex. In rodents, estrogen administration during the first postnatal week accelerates cortical myelination (28) and causes precocious maturation of cerebral amino acid levels (29) and electroshock seizure thresholds (30) . In the human there is evidence that estrogen exposure during early life influences cerebral lateralization: young women exposed to diethylstilbestrol in utero show greater verbal response lateralization than their unexposed siblings (31), whereas women with ovarian dysgenesis, who are deficient in ovarian hormones, show an even lower degree of lateralization than normal females (32) . One previous report has indicated that frontal cortex tissue from first-trimester human fetuses may have some capacity for estrogen biosynthesis (33) . In the present study, it is noteworthy that the highest levels of aromatization were observed in the orbital-prefrontal region of the cortex. Indeed, the levels of aromatase tended to be higher in all four areas of association cortex studied. These four areas are anatomatically interconnected and form a neural system that may be important for cognitive processes (34) (35) (36) . Previous studies have shown that the behavioral effects of lesions of the orbital-prefrontal cortex in infant rhesus monkeys are sex-dependent, suggesting that this part of the brain develops more rapidly in males than in females (5) . Administration of testosterone propionate to infant female monkeys masculinizes their response to orbitalprefrontal lesions, indicating that the normal sex difference in this response is hormone-dependent and is sensitive to gonadal steroids into postnatal life (6) . The present observa- tions raise the possibility that these effects may at least in part be mediated through the actions of estrogen, synthesized locally from circulating androgens.
